Products The function of the mitochondrial genome in the biogenesis of the organelle has received a great deal of attention in recent years. In yeast, considerable emphasis has been given to the problem of identification and localization of genes on mtDNA. Essentially three approaches have been taken: (i) molecular hybridization studies together with physical mapping (1, 2), (ii) in itro transcription and translation (3, 4), and (iii) genetic analysis of cytoplasmically inherited mutations (5). The latter include mutants resistant to mitochondria-specific antibiotics and inhibitors (6) and, more recently, cytoplasmic inheritance mutants which are unable to grow on nonfermentable carbon sources but still retain the capability of transcribing and translating their mtDNA (7, 8) .
translation products have been detected by analysis on sodium dodecy sulfate-exponential polyacrylamide slab gels. A comparison of mitochondrial translation products in two wild-type strains has revealed variant forms of some polypeptide species which show genetic behavior consistent with the location of their structural genes on mtDNA. Our results demonstrate the feasibility of performing genetic analysis on putative gene products of mtDNA in wild-type yeast by direct examination of the segregation and recombination behavior of specific polypeptide species. The function of the mitochondrial genome in the biogenesis of the organelle has received a great deal of attention in recent years. In yeast, considerable emphasis has been given to the problem of identification and localization of genes on mtDNA. Essentially three approaches have been taken: (i) molecular hybridization studies together with physical mapping (1, 2), (ii) in itro transcription and translation (3, 4) , and (iii) genetic analysis of cytoplasmically inherited mutations (5) . The latter include mutants resistant to mitochondria-specific antibiotics and inhibitors (6) and, more recently, cytoplasmic inheritance mutants which are unable to grow on nonfermentable carbon sources but still retain the capability of transcribing and translating their mtDNA (7, 8) .
An alternative approach to the identification and localization of mitochondrial polypeptide structural genes stems from consideration of data suggesting that mtDNAs from different grande (wild-type) yeast strains are not identical (9, 10) . Such considerations thus raise the possibility that wild-type mitochondrial genomic variability may be manifested as variations in mitochondrial translation products which might, in principle, be detectable by the appropriate techniques.
This report describes a sensitive procedure for the labeling and analysis of products of mitochondrial protein synthesis in yeast. This methodology has enabled us to visualize at least 21 polypeptide species fulfilling the criteria of mitochondrial translation products and also to detect differences in several of these polypeptides among various grande strains. These strain-dependent differences (polymorphisms?) have allowed us to determine that some mitochondrial translation products behave genetically in a manner consistent with the location of their structural genes on mtDNA. min), Na2SO4 and casamino acids were added 10 min prior to harvesting to final concentrations of 1 mg/ml and 1%, respectively. The cells (0.1 ml packed volume) were washed twice with Na2SO4-casamino acids as above and suspended in 0.4 ml of 0.25 M mannitol, 0.02 M Tris-H2SO4, 0.001 M EDTA, pH 7.1. Small scale multisample mitochondrial preparations were performed essentially as described by Needleman and Tzagoloff (13) . Once-washed mitochondrial pellets (80-150 ,g of protein) were immediately suspended in 2% sodium dodecyl sulfate, 0.002 M EDTA, 0.150 M 2-mercaptoethanol, 0.05 M Tris-HCI (pH 6.8), and 10% (vol/vol) glycerol, then heated at 900 for 2 min. 35SO42-incorporation was determined as hot trichloroacetic acid precipitable radioactivity.
Abbreviations
Slab Gel Autoradiography. Resolution of mitochondrial protein on 15 cm gel slabs under dissociating conditions was performed according to Studier (14) using the discontinuous buffer system described by Laemmli (15) except that 0.002 M EDTA was included in the stacking and resolving gels. The stacking gels were 5% acrylamide and the resolving gels were 10-15% exponential gradients of acrylamide. In order to insure even drying of the gels for autoradiography, 0.5% Mitochondria from 55R5-3C were labeled and prepared exactly as described in Materials and Methods.
[14C]Leucine and 35SO42-were 2.0 1uCi/ml and 100 MCi/ml, respectively. Where indicated CAP (3 mg/ml) was added 20 min and CHX (0.6 mg/ml) 4 min prior to the addition of label. Protein concentrations were determined according to the Lowry et al. method (16 The high extent of incorporation of`5SO42-into organelle proteins makes possible better resolution of polypeptides by sodium dodecyl sulfate-polyacrylamide slab gel electrophoresis. Autoradiography of a dried slab gel (Fig. 1) Comparison of the gel patterns in Fig. 1 illustrates that those better resolved species in the grande strain which are inhibited by CAP (Fig. lb) or absent in the cytoplasmic petite (Fig. ld) , appear preferentially labeled in the presence of CHX (Fig. lc) . That these polypeptides are intrinsic mitochondrial translation products is supported further by our observations that these species are not found in cytoplasmic petites labeled in the presence of CHX (Fig. lf) , or wildtype labeled in the presence of CHX together with CAP, ethidium bromide or acriflavine (data not shown). The apparent molecular weights for these particular CHX-insensitive polypeptides (about 21) range from about 9300 to 43,000. Although the experimental procedure described here has enabled the detection of more discrete polypeptide species fulfilling the criteria of mitochondrial translation products than has, to our knowledge, been reported thus far, it would be premature to conclude that they represent unique gene products; polypeptide aggregates, specific and/ or nonspecific cleavage products cannot be ruled out, particularly for the minor components. Variant forms of mitochondrial translation products Fig. 2a and b shows the profile of mitochondrial translation products in two wild-type strains. It is evident that a number of differences in the profiles exist. Particularly obvious is the difference in mobility of Band A migrating in a molecular weight region of 40,000-43,000. This mobility difference, corresponding to about 2500 daltons, is reproducibly obtained for these two strains and can be demonstrated as well when the strains are labeled separately and mixed prior to the isolation of mitochondria (Fig. 2c) BactoPeptone, 2% dextrose) for 2 hr. Aliquots of the mating mixture were then plated on minimal 2% dextrose medium. In order to obtain pure diploid clones, following 3 days growth, sterile water was added to a plate containing about 200 diploid colonies, respread, then diluted and replated on minimal 2% dextrose medium. After three days growth, diploid colonies were randomly selected and labeled with 3SO42-in the presence of CHX, mitochondria were isolated, and slab gel autoradiographic analysis was performed as described in Materials and Methods. A representative sample of the diploids is shown here. Only a portion of the gel is displayed. VAR1f, VAR1', VAR2, and VAR3 were made to sporulate and tetrads were dissected. One complete tetrad from each (indicated in the figure as 1, abcd and 2, abcd) showing proper segregation of all nuclear markers was processed as described in Fig. 3 . Only a portion of the gel is displayed.
tion of determinants for these polypeptide species on mtDNA. Further support for this view is obtained from the data presented in Fig. 3 Fig. 3d and 1 . It should also be noted that of the total number of diploids we have analyzed in this cross (about 300) we have not observed a strain carrying both VAR1 forms or one completely lacking VAR1 polypeptide. When purified diploid clones were made to sporulate and the mitochondrial translation products from a complete tetrad were analyzed (Fig. 4) all of the variant forms for that particular diploid clone showed 4:0 segregation, while, as expected, all nuclear markers segregated 2:2. Taken together these data are consistent with the location of determinants for the VAR polypeptides on mtDNA. Results of more complete transmission and recombination analysis of the variant forms will be presented in a separate communication. DISCUSSION The sensitivity with which mitochondrial translation products can be displayed by the procedures described here has permitted us to detect more than 20 polypeptide species fulfilling the criteria of mitochondrial translation products. While we cannot be certain that all of these reflect unique structural gene products, an important observation has emerged: namely, variant forms of some of these polypeptides exist among populations of wild-type cells. Considering the limited number of strains we have analyzed and the number of variant species we have been able to detect, we would not be surprised if a systematic analysis of other grande strains would reveal many more differences in the pattern of mitochondrial translation products.
Presently cally in a manner consistent with the location of determinants on mtDNA (5): (1) they segregate mitotically in diploids, (ii) they show 4:0 segregation of the meiotic products obtained from stable diploid clones displaying a particular variant form, and (iii) transmission of a variant -form in crosses is eliminated by prior conversion of the respective haploid parent to a p0 petite. Moreover, it is also apparent that the variant forms recombine, suggesting that separate alleles are involved. Although it is not possible at this time to state that the segregation behavior for a particular polypeptide species reflects the segregation of its structural gene, the methodology and phenomena we have described offer a new approach to the study of genes on mtDNA. In particular, analyses can be carried out on cells that are wild-type and the segregation and recombination behavior of specific polypeptide species is determined directly. Ultimately, it will be important to relate such species to components of the inner mitochondrial membrane which are known to contain subunits synthesized on mitchondrial ribosomes (17, 18) . It is clear, however, that the variant forms of mitochondrial translation products, irrespective of the molecular basis for the variations, can be exploited to determine linkage relationships between the forms themselves as well as to known mitochondrial markers.
